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(54) Variable stiffness anti-roll bar 

(57) The anti-roll bar (30) has an actuatable device 
(70) tor varying the torsional stiffness of the portion (40) 
of the anti-roll bar (30). At least one sensor (110) 
senses a vehicle characteristic and generates a signal 
indicative of the sensed vehicle characteristic. An elec- 
tronic control unit (112) actuates the actuatable device 
(70) to vary the torsional stiffness of the portion (40) of 
the anti-roll bar (30). The actuatable device (70) is a 
fluid coupling filled with an electrorheological fluid. 
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Description 

Field at the Invention 

[0001] The present invention is directed to an appara- 
tus for use in a vehicle suspension and, more particu- 
larly, is directed to an apparatus for varying the torsional 
stiffness of an anti-roll bar in a vehicle suspension. 



Background of the Inve 



[0002] Anti-roll bars, also known as stabilizer bars or 
sway bars, are used in both front and rear suspensions 
to reduce vehicle body lean during vehicle turns. The 
anti-roll bar, which twists during body lean, increases 
the resistance to body lean provided by the suspension 
springs and suspension control arms of the vehicle sus- 
pension. In addition, vehicle handling characteristics, 
such as understeer and oversteer, can be adjusted by 
changing the torsional stiffness of the anti-roll bar. 
[0003] A torsionally stiff anti-roll bar is known to 
increase the spring rate of the suspension during road 
bumps encountered by only one tire, thereby removing 
some of the independence of an independent suspen- 
sion and stiffening the ride of the vehicle. Consequently 
the torsional stiffness of the anti-roll bar is typically opti- 
mally selected for a given vehicle based on the vehicle's 
intended handling and ride characteristics. 

Summary of the Invention 

[0004] The present invention is an apparatus for use 
in a vehicle suspension. The apparatus comprises an 
anti-roll bar having opposite first and second ends for 
connecting with respective first and second control 
arms of the vehicle. The anti-roll bar includes a portion 
between the ends which is subjected to torsional forces. 
The anti-rolt bar has actuatable means for varying the 
torsional stiffness of the portion of the anti-roll bar 
between the ends. At least one sensor senses a vehicle 
characteristic and generates a signal indicative of the 
sensed vehicle characteristic. Electronic control means 
actuates the actuatable means to vary the torsional stiff- 
ness of the portion of the anti-roll bar. The electronic 
control means is responsive to the signal from the at 
least one sensor. 

[0005] The portion of the anti-roll bar whose torsional 
stiffness is varied comprises first and second sections 
of the anti-roll bar. The first section is connected with the 
first end of the anti-roll bar and the second section is 
connected with the second end of the anti-roll bar. The 
actuatable means for varying the torsional stiffness of 
the portion of the anti-roll bar comprises a clutch mech- 
anism interconnecting the first and second sections of 
the anti-roll bar. The clutch mechanism preferably com- 
prises a viscous coupling containing a fluid which trans- 
mits torque between the first and second sections. The 
viscosity of the fluid changes in response to changes in 
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an energy field controlled by the electronic control 
means. 

Brief Description of the DrawjQflg 

[0006] The foregoing and other features of the present 
invention will become apparent to one skilled in the art 
to which the present invention relates upon reading the 
following description of the invention with reference to 
the accompanying drawings, wherein: 

Fig. 1 is a schematic top view of parts of a vehicle 
front suspension constructed in accordance with 
the present invention; and 

Fig. 2 is an enlarged schematic view, partly in sec- 
tion, of a portion of the vehicle suspension shown in 
Fig. 1. 



20 Descriptio n of Preferred Embodiment* 



[0007] Fig. 1 schematically illustrates a portion of a 
vehicle front suspension 10 which includes an appara- 
tus 12 for varying the torsional stiffness of an anti-roll 
bar 30 in the vehicle suspension. 
[0003] The suspension 10 further includes first and 
second control arms 20 and 22, respectively, and first 
and second link members 24 and 26, respectively. The 
first and second control arms 20 and 22 have an identi- 
cal generally U-shaped configuration. Each of the con- 
trol arms 20, 22 connects with a steerable wheel 
assembly 28 in the vehicle. The first control arm 20 is 
connected by the first link member 24 to a first end 32 of 
the anti-roll bar 30 and the second control arm 22 is 
connected by the second link member 26 to a second 
end 34 of the anti-rdi bar. 

[0009] The anti-roll bar 30 has a generally U-shape 
defined by a main body portion 40 and oppositely dis- 
posed first and second leg portions 42 and 44, respec- 
tively. The leg portions 42, 44 extend from the main 
body portion 40 at an angle. The first end 32 of the anti- 
roll bar 30 is located at the terminal end of the first leg 
portion 42. and the second end 34 of the anti-roll bar is 
located at the terminal end of the second leg portion 44. 
[001 0] The main body portion 40 of the anti-roll bar 30 
includes a first section 46 connected with the first leg 
portion 42 and centered on a first axis 48 (Fig. 2). The 
main body portion 40 further includes a second section 
50 connected with the second leg portion 44 and cen- 
tered on a second axis 52 (Fig. 2). The first section 46 
of the main body portion 40 is supported for rotation 
about the first axis 48 by a first bracket 54 which is 
attached to the vehicle frame in a known manner (not 
shown). The second section 50 of the main body portion 
40 is supported for rotation about the second axis 52 by 
a second bracket 56 which is attached to the vehicle 
frame in a known manner (not shown). 
[0011] The anti-roll bar 30 further includes a clutch 
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mechanism 70 interconnecting the first and second sec- 
tions 46 and 50 of the main body portion 40 and which 
is actuatable to vary the torsional stiffness of the main 
body portion of the anti-roll bar. The clutch mechanism 
70 comprises a viscous coupling 72 (Fig. 2) having 
interdigitated first and second disc sections 74 and 76, 
respectively, enclosed by a housing member 78. The 
first disc section 74 extends from the first section 46 of 
the main body portion 40, and the second disc section 
76 extends from the second section 50 of the main body 
portion. 

[001 2] The first disc section 74 of the viscous coupling 
72 comprises a plurality of radially outwardly extending 
disc members 80, each of which has a plurality of radi- 
ally extending slits (not shown). The second disc section 
76 of the viscous coupling 72 comprises a cylindrical 
shroud member 82 attached to the second section 50 of 
the main body portion 40 and having a plurality of disc 
members 84 extending radially inwardly from the shroud 
member. The disc members 84 also have radially 
extending slits (not shown). 

[001 3] A plurality of radial gaps 90 and axial gaps 92 
are formed between the interdigitated first and second 
disc members 74 and 76 in the viscous coupling 72. 
Further, an annular chamber 94 is formed between the 
shroud member 82 and the housing member 78 in the 
viscous coupling 72. The plurality of radial gaps 90 and 
axial gaps 92 and the annular chamber 94 together 
define a fluid chamber 96 inside the viscous coupling 
72. The fluid chamber 96 is sealed by first and second 
seals (not numbered) which are attached to opposite 
ends of the housing member 78 and which sealingly 
engage the first and second sections 46 and 50, respec- 
tively of the main body portion 40 of the anti-roll bar 30. 
[0014] The fluid chamber 96 in the viscous coupling 
72 is filled with an energy field responsive fluid, such as 
an electrorheological fluid or magnetic rheological fluid. 
For purposes of simplicity, only electrorheological fluid 
will be discussed further. An electrorheological fluid is a 
two-phase material in which its resistance to flow (or 
viscosity) varies as a function of an electric field acting 
on the fluid. When an electric field acts on the electror- 
heological fluid, the viscosity of the electrorheological 
fluid is proportional to the strength of the electric field. 
By varying the strength of the electric field, the viscosity 
of the electrorheological fluid can be varied. 
[001 5] In order to provide an electric field to the elec- 
trorheological fluid, first and second electrodes 100 and 
102, respectively, are disposed on opposites sides of 
the fluid chamber 96 and are mounted to the housing 
member 78. The electrodes 100, 102 are electrically 
isolated from each other and are individually operatively 
coupled to a source of electrical energy described fur- 
ther below. The desired electric field is provided by 
establishing a voltage potential between the first and 
second electrodes 100 and 102. 
[001 6] The apparatus 1 2 further includes a plurality of 
sensors 110 which sense vehicle dynamics and an 



electronic control unit or controller 112. The plurality of 
sensors 110 preferably includes, but is not limited to, a 
lateral acceleration sensor 120, a steering wheel rota- 
tion sensor 122, and a vehicle speed sensor 124. The 

5 lateral acceleration sensor 120 is mounted in the vehi- 
cle and is electrically connected to the controller 112. 
The lateral acceleration sensor 120 continuously 
senses the lateral acceleration of the vehicle and gener- 
ates electrical signals indicative of the sensed lateral 

10 acceleration. These electrical signals are provided to 
the controller 112. 

[0017] The steering wheel rotation sensor 122 is pref- 
erably located in the vehicle steering column (not 
shown) and is electrically connected to the controller 

15 112. The steering wheel rotation sensor 122 continu- 
ously senses the magnitude and rate of rotation of the 
vehicle steering wheel (not shown) and generates elec- 
trical signals indicative of these parameters. The vehicle 
speed sensor 124 is mounted in the vehicle and is elec- 

20 trically connected to the controller 112. The vehicle 
speed sensor 124 continuously senses the vehicle 
speed and generates corresponding electrical signals 
which are sent to the controller 112. 
[0018] The controller 1 12 is electrically connected to 

25 a source of electrical energy in the vehicle, such as the 
vehicle battery (not shown), and is operable to provide a 
variable electrical field, in the form of voltage, to the 
electrodes 1 00. 1 02 in response to the signals received 
from the plurality of sensors 1 1 0. By varying the voltage 

30 potential between the first and second electrodes 100 
and 102, the viscosity of the electrorheological fluid can 
be changed and. in turn, the torsional stiffness of the 
main body portion 40 of the anti-roll bar 30 can be 
changed. 

35 [0019] For example, rf a low strength electrical field is 
applied to the electrorheological fluid by having a rela- 
tively small voltage potential between the first and sec- 
ond electrodes 100 and 102, the viscosity of the 
electrorheological fluid will be correspondingly tow. The 

40 low viscosity of the electrorheological fluid in the vis- 
cous coupling 72 will provide the main body portion 40 
of the anti-roll bar 30 with a low torsional stiffness and 
will permit a small amount of relative rotation between 
the first and second sections 46 and 50 of the main 

45 body portion of the anti-roll bar to occur. In this torsion- 
ally elastic condition, the first and second sections 46 
and 50 can rotate about their respective axes 48 and 52. 
Further, in this condition, the ride of the vehicle will be 
generally soft and will have a relatively low suspension 

so spring rate during road bumps encountered by only one 
tire. The vehicle will also exhibit a relatively large 
amount of body lean during turns. 
[0020] On the other hand, if a high strength electrical 
field is applied to the electrorheological fluid by having a 

55 relatively large voltage potential between the first and 
second electrodes 100 and 102, the viscosity of the 
electrorheological fluid will be correspondingly high. 
The high viscosity of the electrorheological fluid in the 
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viscous coupling 72 will provide the main body portion 
40 of the anti-roll bar 30 with a high torsional stiffness 
and will not permit relative rotation between the first and 
second sections 46 and 52 of the main body portion of 
the anti-roll bar to occur In this torsionally stiff condition, 
the ride of the vehicle will be generally stiff and will have 
a relatively high suspension spring rate during one-tire 
bumps. Further, the vehicle will exhibit a relatively low 
amount of body lean during turns. 

[0021] The aforementioned torsionally elastic and tor- 
sionally stiff conditions for the anti-roll bar 30 can be 
pre-programmed as an algorithm in the controller 112 
so that when one or more of the sensors 1 10 sense cer- 
tain driving conditions, such as (i) slow driving on a 
straight and/or level road or (ii) high speed cornering, 
the torsionally elastic or the torsionally stiff concfition is 
automatically established. Further, the stiffness of the 
anti-roll bar 30 can be variably adjusted to any number 
of unique stiffness rates in-between the torsionally elas- 
tic and torsionally stiff conditions by applying a variable 
strength electric field to the electrorheological fluid 
according to the programming of the algorithm in the 
controller 112. 

[0022] It is further contemplated that the algorithm in 
the controller 112 could be revisable by the driver of the 
vehicle to customize the ride and handling characteris- 
tics of the vehicle to his or her own preferences. A man- 
ual setting device (not shown) mounted in the 
passenger compartment of the vehicle would be electri- 
cally connected to the controller 11 2 to enable the driver 
to revise the algorithm. 

[0023] From the above description of the invention, 
those skilled in the art will perceive improvements, 
changes and modifications. Such improvements, 
changes and modifications within the skill of the art are 
intended to be covered by the appended claims. 
[0024] According to its broadest aspect the invention 
relates to an apparatus for use in a vehicle suspension, 
aid apparatus comprising: 

an anti-roll bar having opposite first and second 
ends for connecting with respective first and second 
control arms of the vehicle, said anti-roll bar includ- 
ing a portion between said ends which is subjected 
to torsional forces, 

said anti-roll bar having actuatable means for vary- 
ing the torsional stiffness of said portion of said 
anti-roll bar; and 

at least one sensor for sensing a vehicle character- 
istic and for generating a signal indicative of said 
sensed vehicle characteristic. 

SUMMARY OF THE INVENTION 
[0025] 

1. An apparatus for use in a vehicle suspension, 
said apparatus comprising: 
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an anti-roll bar having opposite first and second 
ends for connecting with respective first and 
second control arms of the vehicle, said anti- 
roll bar including a portion between said ends 
which is subjected to torsional forces, 
said anti-roll bar having actuatable means for 
varying the torsional stiffness of said portion of 
said anti-roll bar; 

at least one sensor for sensing a vehicle char- 
acteristic and for generating a signal indicative 
of said sensed vehicle characteristic; and 
electronic control means for actuating said 
actuatable means to vary the torsional stiffness 
of said portion of said anti-roll bar, said elec- 
tronic control means being responsive to said 
signal from said at least one sensor. 

2. The apparatus said portion of said anti-roll bar 
comprises first and second sections of said anti-roll 
bar, said first section being connected with said first 
end of said anti-roll bar and said second section 
being connected with said second end of said anti- 
roll bar, said actuatable means for varying the tor- 
sional stiffness of said portion of said anti-roll bar 
comprising a clutch mechanism interconnecting 
said first and second sections of said anti-roll bar. 

3. The apparatus further comprising first and sec- 
ond brackets connected to a frame in the vehicle, 
said first bracket supporting said first section of said 
anti-roll bar for rotation about a first axis, said sec- 
ond bracket supporting said second section of said 
anti-roll bar for rotation about a second axis. 

4. The apparatus wherein said clutch mechanism 
comprises a viscous coupling containing an elec- 
trorheological fluid, the viscosity of which changes 
in response to an electrical field. 

5. The apparatus wherein said electronic control 
means is operable to provide a variable electrical 
field to said electrorheological fluid in said viscous 
coupling. 

6. The apparatus wherein said at least one sensor 
comprises a lateral acceleration sensor. 

7. The apparatus wherein said at least one sensor 
comprises a steering wheel rotation sensor. 

8. The apparatus wherein said at least one sensor 
comprises a vehicle speed sensor. 

9. The apparatus further comprising a steering 
wheel rotation sensor. 

10. The apparatus further comprising a lateral 
acceleration sensor. 
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11 . An apparatus for use in a vehicle suspension, 
said apparatus comprising: 

an anti-roll bar having opposite first and second 
ends for connecting with respective first and 
second control arms of the vehicle, said anti- 
roll bar including a portion between said ends 
which is subjected to torsional forces, 
said portion of said anti-roll bar comprising first 
and second sections of said anti-roll bar, said 
first section being connected with said first end 
of said anti-roll bar and said second section 
being connected with said second end of said 
anti-roll bar; and 

an actuatable clutch mechanism interconnect- 
ing said first and second sections of said anti- 
roll bar for varying the torsional stiffness of said 
portion of said anti-roll bar. 

12. The apparatus further comprising first and sec- 
ond brackets connected to a frame in the vehicle, 
said first bracket supporting said first section of said 
anti-roll bar for rotation about a first axis, said sec- 
ond bracket supporting said second section of said 
anti-roll bar for rotation about a second axis. 

13. The apparatus wherein said clutch mechanism 
comprises a viscous coupling containing an elec- 
trorheological fluid, the viscosity of which changes 
in response to an electrical field. 

14. The apparatus further comprising at least one 
sensor for sensing a vehicle characteristic and for 
generating a signal corresponding to said sensed 
vehicle characteristic. 

15. The apparatus further comprising an electronic 
control unit responsive to said signal from said at 
least one sensor for actuating said clutch mecha- 
nism, said electronic control unit being operable to 
provide a variable electrical field to said electrorhe- 
ological fluid in said viscous coupling. 

16. The apparatus wherein said at least one sensor 
comprises a lateral acceleration sensor. 

17. The apparatus wherein said at least one sensor 
comprises a steering wheel rotation sensor. 

18. The apparatus wherein said at least one sensor 
comprises a vehicle speed sensor. 

19. The apparatus further comprising a steering 
wheel rotation sensor. 

20. The apparatus further comprising a lateral 
acceleration sensor. 
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1. An apparatus for use in a vehicle suspension, said 
apparatus comprising: 

an anti-roll bar having opposite first and second 
ends for connecting with respective first and 
second control arms of the vehicle, said anti- 
roll bar including a portion between said ends 
which is subjected to torsional forces, 
said anti-roll bar having actuatable means for 
varying the torsional stiffness of said portion of 
said anti-roll bar; 

at least one sensor for sensing a vehicle char- 
acteristic and for generating a signal indicative 
of said sensed vehicle characteristic; and 
electronic control means for actuating said 
actuatable means to vary the torsional stiffness 
of said portion of said anti-roll bar, said elec- 
tronic control means being responsive to said 
signal from said at least one sensor. 

2. The apparatus of claim 1 wherein said portion of 
said anti-roll bar comprises first and second sec- 
tions of said anti-roll bar, said first section being 
connected with said first end of said anti-roll bar 
and said second section being connected with said 
second end of said anti-roll bar, said actuatable. 
means for varying the torsional stiffness of said por- 
tion of said anti-rod bar comprising a clutch mecha- 
nism interconnecting said first and second sections 
of said anti-roll bar. 

3. The apparatus of claim 2 further comprising first 
and second brackets connected to a frame in the 
vehicle, said first bracket supporting said first sec- 
tion of said anti-roll bar for rotation about a first axis, 
said second bracket supporting said second sec- 
tion of said anti-roll bar for rotation about a second 
axis. 

4. The apparatus of claim 3 wherein said clutch mech- 
anism comprises a viscous coupling containing an 
electrorheological fluid, the viscosity of which 
changes in response to an electrical field. 

5. The apparatus of claim 4 wherein said electronic 
control means is operable to provide a variable 
electrical field to said electrorheological fluid in said 
viscous coupling. 

6. The apparatus of claim 1 wherein said at least one 
sensor comprises a lateral acceleration sensor. 



55 7. The apparatus of any of the preceding claims 
wherein said at least one sensor comprises a steer- 
ing wheel rotation sensor, 
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and/or wherein preferably said at least one 
sensor comprises a vehicle speed sensor, 

and/or further preferably comprising a steering 
wheel rotation sensor, s 

and/or further preferably comprising a lateral 
acceleration sensor. 



8. 



An apparatus for use in a vehicle suspension, said 
apparatus comprising: 

an anti-roll bar having opposite first and second 
ends for connecting with respective first and 
second control arms of the vehicle, said anti- 
roll bar including a portion between said ends 
which is subjected to torsional forces, 
said portion of said anti-roll bar comprising first 
and second sections of said anti-roll bar, said 
first section being connected with said first end 
of said anti-roll bar and said second section 
being connected with said second end of said 
anti-roll bar; and 

an actuatable clutch mechanism interconnect- 
ing said first and second sections of said anti- 
roll bar for varying the torsional stiffness of said 
portion of said anti-roll bar. 

The apparatus of any of the preceding claims fur- 
ther comprising first and second brackets con- 
nected to a frame in the vehicle, said first brackets 
supporting said first section of said anti-roll bar for 
rotation about a first axis, said second bracket sup- 
porting said second section of said anti-roll bar for 
rotation about a second axis, 

and/or wherein preferably said dutch mecha- 
nism comprises a viscous coupling containing 
an electrorheological fluid, the viscosity of 
which changes in response to an electrical 
field, 
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and/or wherein preferably said at least one 
sensor comprises a steering wheel rotation 
sensor, 

and/or wherein preferably said at least one 
sensor comprises a vehicle speed sensor, 

and/or further preferably comprising a steering 
wheel rotation sensor, 

and/or further preferably comprising a lateral 
acceleration sensor. 

10. An apparatus for use in a vehicle suspension, said 
apparatus comprising: 

an anti-roll bar having opposite first and second 
ends for connecting with respective first and 
second control arms of the vehicle, said anti- 
roll bar including a portion between said ends 
which is subjected to torsional forces, 
said anti-roll bar having actuatable means for 
varying the torsional stiffness of said portion of 
said anti-roll bar; and 

at least one sensor for sensing a vehicle char- 
acteristic and for generating a signal indicative 
of said sensed vehicle characteristic. 
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and/or further preferably comprising at least 
one sensor for sensing a vehicle characteristic 
and for generating a signal corresponding to 45 
said sensed vehicle characteristic, 

and/or further preferably comprising an elec- 
tronic control unit responsive to said signal 
from said at least one sensor for actuating said 50 
clutch mechanism, said electronic control unit 
being operable to provide a variable electrical 
field to said electrorheological fluid in said vis- 
cous coupling, 

55 

and/or wherein preferably said at least one 
sensor comprises a lateral acceleration sensor, 
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